To look for the interpretation of the slips on the ground water surface which were observed in the model experiments and reported in the preceding paper5), the variation of shear strengths in the model sand layers is strongly wanted, however it is difficult to measure the variation in the model sand layers by means of sample tests. Therefore, the application of vane tests to this purpose was examined on the basis of Farrent's equation which interprets vane tests in soils having friction, and the following equation (Eq. 10) was deduced.
Preface
Both of slips on the boundary to the stable layer and slips in the homogeneous layer have been observed in natural sandy slopes. The first type of slips is explained by the Mohr-Coulomb law, but the second one can not be interpreted by the law5). Therefore, S. Tanaka has given the slips in the homogeneous layer the interpretation7)8) that the piping phenomenon causes the * Kyoto University outflow of sand along the ground water surface and decreases the shear resistance, then slips take place on the ground water surface in the homogeneous layer. It seemed to the authors from their experiences that some of slips in homogeneous sandy layers can be caused by the piping pheno menon, but some of them can not be explained by it. Therefore, the authors performed the model experiments and confirmed that slips take place on the ground water surface parallel to slope without the piping phenomenon, as stated in the preceding paper5) . From these results, it is clear that this type of slips can be explained by neither the Mohr-Coulomb law nor the piping phenomenon.
What is the mechanism of this type of slips?
The variation of shear stress in the sand layer is comparatively clear, and quite clear if the slope is enough long and side frictions are negligible.
In the case of the model experiments, the slope can be regarded to be enough side frictions are estimated to have an influence on the depth of slip surface since the deeper slips took place in the wider sand layers5), but no influence on the mechanism of slips since slips always took place on the ground water surface regardless of the width . Hence, the variation of shear stress will be out of probe for the mechanism of these slips. It should be the target of our search whether the variation of shear strength will be different from that presumed by the MohrCoulomb law and it will be such a variation as the safety factor takes its smallest value at the ground water surface or not. The assumptions to lead the equation are stated at first.
Assumption 1)
It is assumed that vane tests in sand are carried out under complete drained condition, no pore pressure takes place during shear.
Assumption 2)
Shear on the vertical plane of vane is assumed to be in a state of plane strain. Shear on the horizontal planes of vane is assumed to be the same in the drained condition with that in the undrained condition (Normal stresses on the horizontal planes do not change during shear) .
Assumption 3)
When a vane is rotated in sand, a curve of the maximum shear strain rate (a slip line, or a shear surface) is formed in the shape to connect four tips of the vane. (Slip lines which do not pass through the tips of the vane are also formed, but they are out of interest here. ) It is assu med that the shape of the slip line to pass through the tips of the vane can be approximated to a circle which the center of the vane is its origin.
Assumption 4)
Because of drained condition, volume changes take place during shear. Volume changes during vane tests may be different from those during actual landslips. However, the difference is assu med to be negligible.
Assumption 5)
Normal stress on the slip plane varies depending on the relative position to the vane blades .
At the front side of the rotating vane blade the normal stress is the maximum, whereas it is the minimum at the back side. The normal stress at the back side is assumed to be equal to that in the natural state.
According to "The Mathematical Theory of Plasticity"2) the following relations exist in a state of plane strain of a general plastic material. In 
When a vane is rotated clockwise, the sign is positive, and negative for the anticlockwise rota tion. A vane is usually penetrated vertically, then in Eq. 5 are shear stresses on vertical planes. Therefore, we will express them as from now on to distinguish shear stresses on In the case of Fig. 2 , the rotation is clockwise and is the shear stress in the back sides of a rotating vane blade which is equal to the shear stress exerted in the natural stat from the assumption 5) . The torque caused by shear stress acting to the vertical plane of a vane Tv is expressed by (6) here r: radius of vane h: length of vane
When following the conventional way (and also the Farrent's equation), the torque caused by shear stresses acting to the horizontal planes of a vane T H is expressed by (7) is a shear stress on the horizontal planes of a vane . However, shear resistance on the upper surface of a vane does not seem to work effectively becau se sand in this part is cut by four blades and four empty zones are formed , they must cause stress relief and the decrease of shear strength of sand under drained condition . In addition to the above fact , the assumption of uniform stress on the whole area of horizontal planes of a vane u sually overestimates the shear resistance, because the peak strength can not be exerted simult aneously on the whole area of horizontal planes of a vane. Therefore , it will be a better approximation in vane tests of sand to neglect the shear resistance on the upper surface of a vane . Hence, we use the following equation instead of Eq. 7 .
(8)
The total torque T measured by a vane is the sum of Tv and TH . If we will carry out tests in use of different vanes in the ratio r/h , we might distinguish However, this is not the purpose of this paper.
It is enough to know qualitatively how shear strength varies within a homogeneous sand layer including the ground water surface. 
is the shear stress on a slip plane at the back side of a vane and it is regarded to be equal to the shear stress at failure in the natural state (assumption 5). Shear stress at failure, that is shear strength, is usually expressed as S it will be better to replace the general use hereafter.
(10) In this section we will examine whether it is possible or not to regard the angle of internal friction as a constant in the model layers.
The model experiments of slips have been done in use of the Toyoura standard sand as stated in the foregoing paper, and vane tests have been done in the model layers of the Toyoura stan dard sand. Therefore, the grain shape, the quality and the specific gravity and the grain distribution can be regarded to be constant within the model layers.
The measurement of shear strength by vane tests was performed from the surface to the depth of 16cm, which is enough deep in corn and the width (160cm) of the model layer to avoid the influence of side frictions.
The examples of void ratio in this depth of the sand layers are shown in Table 1 . This table
shows that the void ratio is slightly higher near the surface of the ground, however the difference As we measure the shear strength above and below the ground water surface, we will check the influence of satur ation on the angle of internal friction. Fig. 4 is the result of direct shear tests of 30cm in diameter, where the normal stress is so small as vane tests in the model layers, and the void ratio is also similar to that of the model sand Fig. 3 The relation between the angle of internal friction and void ratio (after Inoue H. ) Table 1 Examples of void ratio in model sand layers The values and the dotted line to represent them are much higher than the theoretically expected values of Eq. 11. This result indicates that Eq. 10 is a right correction of the conventional equa tion for vane tests in sand, and it gave reasonable shear strengths in Fig . 5 , though it will be not enough as the verification of Eq. 10.
Summary
The main problem on the application of vane tests to sand is that the effective stress on the shear plane is changed by the force transmitted from the vane blades because of the drained condition. (A minor problem on the application of vane tests to sand is that the void ratio at failure is usually different from the initial void ratio under the drained condition , but the void ratio at failure can not be measured in vane tests. However, since slips themselves are estimated to take place under the drained condition in sand layers and the influence of void ratio is not so great as shown in Fig. 3 , it will be unnecessary to be so sensitive for this problem. Finally the authors acknowledge Mr. Marui H. who is a post-graduate student in our labora tory and helped us in the direct shear tests and also acknowledge the assistant professor of our laboratory Kobashi S. for his advice and encouragement.
